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Abstract. This study aims to investigate the effect of thermal treatment on the phase formation 

and physical characteristics of silica asphalt composite prepared from rice husk silica and asphalt 

powders. The mass ratio of asphalt to silica is 1:2, and subjected to calcining temperatures of 

200-450 °C. Development of structures was characterized using X-ray diffraction (XRD), 

Fourier Transform Infrared (FTIR) spectroscopy and scanning electron microscopy (SEM). 

Further evaluation was made by comparing the characteristics of the silica-asphalt composite 

include the density, porosity, and compressive strength. The XRD study revealed that the major 

phases were carbon and silica amorphous, The XRD study revealed that the major phases were 

silica and carbon amorphous, which were associated with are Si-OH, Si-O-Si and C-H functional 

groups according to FTIR analysis. In addition, an increased calcination temperatures was 

followed by an increase in the density and compressive strength. Based on these characteristics, 

the samples are considered for the roof material, suggesting their potential use in substitute 

lightweight steel roof devices. 
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1. Introduction 

Asphalt/bitumen is a natural polymer of low molecular weight mainly used as a binder, which produced 

by fractional distillation of crude oil and catalytic cracking of hydrocarbons [1]. Asphalt has a chemical 

composition with unique viscosity, elasticity, waterproof, good adhesive and high impermeability 

properties. For extending the use of asphalt in various fields such as, road traffic, roofing, sealing, 

waterproofing agent, coating, and insulation applications, the high-quality modified asphalt and its 

mixtures has become an important. Therefore, it is imperative to study the composite-modified asphalt 

mixture to meet the requirements of high flow, heavy load, stability, durability, and high strength. For 

example when asphalt blended with proportion of polymers used in built up membranes for the roofing 

industry [2]. Some researchers have tried changing the characteristics of asphalt to improve functionality 

and benefits by using various polymers such as styrene-butadiene-styrene/SBS [3-4], waste crumb 

rubber [5-6], used waste rubber and plastic [7-8], waste polyethylene [9-10] and styrene-butadiene 

rubber/SBR [11]. According to previous studies indicate that modified asphalt is not only stable well at 



 
 
 
 
 
 

high and low temperature performance, but also has durability and resistance to deformation cracks [12-

13]. 

 

One of the an  inorganic additives of materials that have been used intensively is silica. Due to the high 

surface area, and strong adsorption, silica has the potential to prepare asphaltic materials with desirable 

properties. Rice Husk is an interesting waste material as it has high silica content with quite high levels. 

According to previous research, the best silica obtained is silica amorphous with high purity [14-15]. 

Shen, et.al., 2011 [16] reported that active silica is high of rice husks can be produced at low calcination 

temperatures (800 ° C), while with silica high purity and chemical reactivity were obtained by 

controlling heating conditions [17]. Recently, there have been studies on the use of various silica 

particles to modify asphalt binders.  For example, silica has been highly used in the polymer industry to 

reduce aging and to increase mechanical and physical properties of base materials such as stiffness, 

toughness, strength and thermal stability [18]. Sembiring, et.al., 2019 [19] obtained transformation of 

asphaltene into silica and carbon, with increased decomposition temperature of asphalt. In addition, an 

increased silica addition was followed by an increase in the density, compressive strength, swelling 

thickness, and water absorption, while the opposite was true for the porosity [20]. Chong, et.al., 2012 

and Song, et.al., 2011[21-22] found that silica could improve water stability, temperature and fatique 

performances. They also shown that silica could reduce the air void and improve the indirect tensile 

strength and indirect tensile stiffness modulus of asphalt composite. With the addition of silica, cohesion 

and viscosity of asphalt may increase, which are good for high temperature situations [23].  Tan, et.al., 

2009 [24] carried out modified asphalt mixture. Their results indicated that the addition of silica fume 

could improve the low-temperature performance and increase the contraction coefficient of the mixture. 

Abdutalib, et.al., 2015 [25] also reported that modifiers such as silica fume have the capability to 

enhance oxidative aging resistance of asphalt and improved temperature performance of asphalt [26]. 

 

Recognizing the important roles of asphalt composite in various industrial areas, production of asphalt 

composite has been continuously explored, and in general, it is found that the characteristic of asphalt 

composite is strongly dependent on the chemical composition, the types of raw material, and heating 

temperature. Research on the effect of heating treatment phenomenon on the properties of asphalt 

composite is very interesting. For example, the effect of heating on asphalt composite can support the 

self-healing process [27-29] and can increase aging phase, hardness, viscosity and softening temperature 

of asphalt. Sing, et.al., 2018 [30] found that SBS polymer-modified bitumen decreases elastic recovery, 

and softening point associated with the resistance to permanent deformation of asphalt composite at a 

temperature of 210 oC. 

 

Rice husk as agricultural waste is known to contain large amounts of silica, the authors have used as a 

ceramic or composite material including, mullite [31], forsterite [32], cordierite [33], silica-asphalt [19-

20]. In addition, amorphous silica from rice husk has been used for the preparation of various silica-

based materials, such as the production of nano silica [34-36], zeolite [37-38], nano porous carbon [39-

40], nepheline [41]. 

 

Based on the use of silica from rice husks and asphalt quoted above, it shows that these materials have 

high potential for use as a raw material for the production of silica-asphalt composites. This potential is 

the main reason for carrying out this study as an attempt to evaluate the feasibility of this agriculture 

waste as alternative raw materials for silica asphalt composite production. This work emphasises the 

effect of thermal treatment on the crystallisation properties of silica asphalt composite. To obtain 

detailed the mechanism and the microscopic characteristics some modified asphalt characteristics were 

analysed through FTIR, XRD, FTIR and SEM/EDX. Furthermore, the physical properties of asphalt 

composites are investigated by measuring the density, porosity, and compressive strength. 

 

 

 



 
 
 
 
 
 

2. Experimental 

2.1. Materials 

Raw husk used as a source of silica was from local rice milling industry in Bandar Lampung Province, 

Indonesia. The matrix asphalt used in this experiment was obtained from Buton refinery, Southeast 

Sulawesi Province, Indonesia, and the modifiers were made of rice husk silica. The chemicals used are 

5% NaOH 5% KOH, 5% HCl, and absolute alcohol (C2H5OH) purchased from Merck (kGaA, 

Darmstadt, Germany), and distilled water. 

 

2.2. Preparation of composite-modified asphalt 

 

Rice husk silica was obtained using alkali extraction method following the procedure reported in 

previous study [32]. In this stage, 50 g dried husk was mixed with 500 ml of 5% KOH solution in a 

beaker glass, boiled for 30 min, and followed to cool to room temperature and left for 24 h. The mixture 

was filtered to separate the filtrate which contains silica sol. The sol obtained are dripped with 5% HCl 

solution until the sol turn completely to the gel. The gel was dried at 110 °C for eight hours and then 

ground into a powder by mortar and sieved to 200 meshes. Preparation of silica-asphalt composite was 

carried out by mixing raw materials with the composition of silica : asphalt of 2:1 by mass, in accordance 

with the composition of silica asphalt as reported in previous studies [20].Typically, 50 g of solid asphalt 

is melted by heating at 100 °C and mixed with powdered silica using a shear mixer at a rate of 125 rpm 

for 4 hours.  Finally, calculated the quantity of silica is added under stirring to asphalt to provide the 

silica and asphalt as a mass ratio of 2:1. Furthermore, the powder was pressed in a metal die with the 

pressure of 2 × 104 N/m2 to produce cylindrical pellet and the pellets were calcined at temperatures of 

200, 250, 300, 400, and 450 °C, using temperature programmed with a heating rate of 3 °C/min and 

holding time of 6 h at peak temperatures has additional information to appear as a footnote, such as a 

permanent address or to indicate that they are the corresponding author, the footnote should be entered 

after the surname. 

2.3. Characterisation 

 

A collection of XRD data was conducted with an automated Shimadzu XD-610 X-ray diffractometer at 

the National Agency for Nuclear Energy (BATAN). The XRD data were taken with CuK radiation 

(=1.5406 nm) at 40 kV and 30 mA in the range of 2 = 5-80°, with a step size of 0.02, counting time 

1s/step and 0.15° receiving slit. The FTIR data were taken with a Perkin Elmer FTIR. The sample was 

prepared by mixing with KBr of spectroscopy grade. Morphological analysis of the polished and etched 

samples was carried out by SEM Philips-XL. Thermal analysis was conducted using DTA Merck 

Setaram Tag 24 S, under the nitrogen atmosphere with a constant heating rate of 3 °C/min, at the 

temperature range of 30 to 800 °C. Archimedes method was used to measure bulk density and apparent 

porosity [42]. The compressive strength was determined with three replicates measurement following 

the ASTM C268-70. 

 

3. Results and discussion 

3.1 Basic characteristics of asphalt and silica 

In order to study characteristic of silica-asphalt composite, the samples subjected to calcinate treatment 

at different temperatures were performed by FTIR, XRD, SEM/EDS method. The FTIR spectra of 

asphalt and silica are shown in Fig. 1 (a-b).  Fig. 1a shows the spectrum of asphalt and Fig. 1b shows 

the pattern of silica. Figure 1a shows clearly the presence of three high peaks at 2931, 1725 and 1432 



 
 
 
 
 
 

cm-1, and followed by other peaks at 956, 724, and 696 cm-1. The peaks at 2931 and 1432 cm-1 show 

the function of the O-H characteristic group of carboxylic acids and C-H from alkanes, while the peak 

at 1725 show the vibrations of the carbonyl group C = O, as reported in previous studies [19-20]. Others 

strong peaks were located at 956, 724, and 696 cm-1, which were related to the bending vibrations of 

C-H in phenyl. For the silica sample (Figure 1b) was characterized by the existence of several absorption 

bands associated with silica commonly reported in the literature [43-48]. The broad band centred at 

around 3448 cm-1 regions is attributed to stretching vibration of hydroxyl (-OH) group of silanol (Si-

OH). The existence of Si-OH bond is supported by a weak band centred at around 964 cm-1, and the 

presence of adsorbed water molecules is supported by the absorption band centred at around 1630 cm-

1, which is attributed to bending vibration of the O-H bond.  The three characteristic bands at 1103 cm-

1, 802 and 470 cm-1, which are attributed to asymmetric stretching vibration, symmetric stretching 

vibration, and bending vibration of the Si-O-Si bond, respectively. 

 

 
 

Figure 1. FTIR spectra of samples, (a) asphalt and (b) silica. 

 

 

3.2 Characteristics of silica-asphalt composite 

Figures 2 (a-d) show the spectra of the silica-asphalt samples with the different calcination temperature. 

Similarly, the diffraction peak intensities of the samples with the different calcination temperature were 

found to be 10 and 21.8° (Figures 2a-d), amorphously indicating the background intensities from the 

carbon and silica.  



 
 
 
 
 
 

 

 

Figure 2.  The X-ray diffraction patterns of the samples with the different calcination temperatures using 

CuKa radiation, (a) (a) 200 oC, (b) 250 oC., (c) 300 oC., (d) 400 oC and (e) 450 oC 

The presence of an amorphous phase is presumably indicative of the silica and carbon accumulating on 

the surface. However, the change in the peak diffraction is a result of strong molecular interactions 

between the asphalt and the silica through the exfoliation and intercalation process in the samples. This 

may indicate that there are many interactions in the form of crystallisation that do not separate the 

asphaltene molecules outside their range of London attractions between the silica and asphalt. This result 

also shows that the intercalation and peeling occur as evidenced by the modified asphalt peaks falling 

between the two peaks associated with the carbon and silica. This, in turn, suggests an increasing layer 

distance due to the modification. The diffraction patterns in Fig 1(b-d) indicate that the samples with 

with increasing the temperature of calcination were still amorphous, marked by the existence of two 

broad peaks, most likely resulted from accumulation of carbon peak position (2 = 10°) and silica peak 

position (2 = 21.8°).The presence of carbon and silica is in accordance with the results of EDX 

analyses, described in the following section.  

 

The results of infrared spectra analysis of silica-asphalt samples undergoing calcination treatment at 

different temperatures are shown in Figure 3 (a-d). As can be seen, wide and weak peak located at around 

3448 cm-1 (Figure 3a) is generally associated with stretching vibrations of the hydroxyl (-OH) silanol 

(Si-OH) group and supported by the appearance of absorption at 470 cm-1 and strong bond that is 

located at 1102 cm-1 is associated with asymmetric stretching vibrations from Si-O-Si. Other observed 

weak bonds located at 2940 and 1474 cm-1 may show the characteristic group functionality of O-H from 

carboxylic acids [49-50 and C-H from alkanes [51-52]. 

 



 
 
 
 
 
 

 

Figure 3.  The FTIR spectra of the samples with the different calcination temperatures, (a) (a) 200oC, 

(b) 250oC., (c) 300oC., (d) 400oC and (e) 450oC 

 

Fig 3 (b-e) indicates the significant effect of thermal treatments on the functionality of the samples. The 

most obvious change is the increase of peaks associated with Si (OH), O-H, and Si-O-Si bonds, 

indicating the decomposition of asphalt in the surface during heating process. In addition, the intensity 

of the band assigned to O-H and Si-O-Si bonds increased due to the evaporation of carbon through 

asphaltene decomposition and silica crystallization. As a consequence, the intensity of the absorption 

band at 470 and 1102 cm-1, assigned to Si–O–Si vibration increased.  Besides, the comparison of peak 

positions samples from calcination temperature of 250 to 400 oC indicates that there are no significant 

chemical change of functional group and bands and the samples are considered as thermal stable under 

these conditions. In addition, the absorption peak in the all infrared spectra at 2350 cm-1 corresponds to 

the asymmetrical stretch of CO2. Based on the results of the chemical bond analysis, the increased 

temperature of calcination shows the peak chemical bond change of the silica asphalt.  The most obvious 

change is the decrease of peak associated with C-H from alkanes. Also, it can be informed that the 

asphalt undergoes changes between its bonds and the silica. The peaks at 2925 cm-1 and 2850 cm are 

due to C-H vibrations which are caused by the asphalt binder. The significant influences are the 

emergence of a weak vibration of O-H produced from silanol in Si (OH), at around 3442 cm-1, which 

indicates the reaction between silica and asphalt during the thermal treatment. It can be seen that there 

is an obvious difference in the spectrum of silica asphalt sample (Figure 3a) when compared with 

spectrum of the silica asphalt in Figure 3(b). The exposure to high temperature of calcination (250°C) 

might change the interactions of silica-asphalt matrix and the embedded thermochromic particles. As 

can be seen in Figure 3b shows that vibration of O-H increased with increasing the temperature of 

calcination. Furthermore, the appearance of Si(OH)4 is shown in the absorption wave number 1091 cm-

1(Figure 3a), which indicates that the Si–O–Si bond formed by the deformation of the Si-O vibration. 

The similar bands of Si-O-Si are found exposed up to 400o, while vibration of Si-O-Si increased with 

increasing temperature treatment of 450oC.The presence of SiO vibration is observed in the results, 

showing the strong asphaltene decomposition and silica crystallization. 

 

The surface images and elemental composition of the samples with the different temperature of 

calcination obtained from SEM and EDS analyses are shown in Fig. 4(a-e) and Table 1. The micrographs 



 
 
 
 
 
 

presented in Fig 4(a-e) show significant effect of heating on the size and distribution of the particles on 

the surface. As shown in Fig 4(a-e), the surfaces morphologies of the samples are marked by the 

existence of particles with different grain sizes and distribution.  The sample with temperature 

calcination of 200 oC (Fig 4a) is found by the presence of clusters with different grain sizes and 

distribution associated to microcracks, and the presence of the major element of carbon (C) oxygen (O), 

silicon (Si), together with minor element of sulphur (S) and sodium (Na) (Table 1). The clusters are 

most likely composed of C, while the fine grains are Si and S respectively. The presence of carbon due 

to the effects of simultaneous heating followed by carbon formation began to form and distributed to 

cover silica on the surface of the sample, which was marked most likely formed from the arrangement 

of asphalt structures with the amount (50.96%) C and 7.63% Si (Table 1). According to the leading 

particles are most likely the carbon present as larger particles, indicating that the sample is dominated 

by the carbon. 
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Figure 4. The scanning electron microscopy (SEM) images of the samples with different 

calcination temperatures (a) 200oC, (b) 250oC., (c) 300oC., (d) 400oC and (d) 450oC 

 

Table 1. Element Composition of samples according to EDX spectra 

Calcination 

(oC) 

Oxygen

O 

(wt%) 

Carbon 

C 

(wt%) 

Silicon 

Si 

(wt%) 

Sulfur 

   S 

(wt%) 

Sodium 

   Na 

(wt%)              

200 40.60 50.96  7.63 0.81 - 

250 42.47 46.34  9.71 1.18               0.30 

300 41.57 45.86         11.68 0.89 - 

400 

450 

41.62 

42.53 

42.66 

37.50 

        13.86 

        17.68 

1.37 

1.51 

0.49 

0.78 

 

The microstructure of the sample (Fig 4a) displays quite different characteristics to those of the samples 

with temperature of calcination 250, 300, 400 and 450 oC (Fig 4(b-e)). The EDS data presented in Table 

1clearly indicated the significant effect of the increase temperature of calcination on the composition of 

the samples. As can be seen, the sample (Fig 4a) contained a very large amount (50.96 %) of C, and the 

percentage of this element decreased to 37.50 % in the sample with increase temperature of calcination 

up to 450 oC. Meanwhile, the sample with temperature of calcination 200 oC contained 7.63% of Si and 

increased to 17.68 % with the increase temperature of calcination up to 450 oC. The surfaces of the 

samples (Fig 4b-d) are marked by fine grains of silica structure cover several large grains of asphalt 

structure, which according to XRD results (Fig. 2(a-d)) are composed of carbon and silica amorph. The 

presence of carbon and silica phases in the last four samples suggest that increase of calcination 

temperature led to decomposition of asphalt may be due to by the asphalt-compatible fractions spread 

homogenously in a continuous asphalt phase as a result of the increase calcination temperature. 

Furthermore, the SEM image indicates that the sample is denser with calcination temperature of 450, 

which leads to a compact shape in accordance with the results of compressive strength analyses, 

described in the following section. 
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3.3 Physical characteristic of silica-asphalt composite 

Figure 5 shows the changes in density and porosity of the samples as a function of calcination 

temperatures. As can be observed in Fig. 5, the density of the calcined samples increases slowly up to 

300, while the porosity of the calcined samples decrease slowly as the calcination temperatures increase 

up to 250 °C, and beyond this temperature, relatively sharply lines of the two characteristics were 

observed up to 450 °C calcination temperature. As shown in Fig. 5, the densities of the calcined samples 

increase from 2.4 to 4.1 g/cm3 as the calcination temperature increased from 200 to 450 °C. The porosity 

was sharply decreased up to 450 °C. The sharp increase of the density with increasing temperature up 

to 450 °C, followed by a sharp decrease of the porosity with increasing temperature from 250 to 450 °C, 

was attributed to the increased amount of silicon as displayed by the EDX results presented in Table 1. 

The change in density was most likely due to reacting of carbon and silica as displayed by the XRD 

results presented in Fig. 2. 

 

Figure 5. Variation of porosity and density of the samples with different calcination temperatures 

 

The effect of the thermal treatments on the compressive strength is shown in Figure 7.  The result 

indicates that the compressive strength of the silica asphalt composite increased with increasing 

calcination temperatures, followed by decreased slowly up to 450 oC.  As shown in Figure 7, the 

compressive strength increased sharply with increasing the calcination temperatures up to 300 oC .  The 

sharp increase in the compressive strength with the increasing the calcination temperatures up to 300 oC  

referred  to the increase in the  density  and the   decrease  in  the  porosity as  shown  in  Figure  5.  The 

compressive strength increased with the calcination temperatures increasing    from 200 to 300 oC, and 

reached the value of 42.5 MPa at the calcination temperature of 450 oC. This trend implies that the 

samples became highly compact and dense as a result of the increased amount of silica and the decreased 

amount of carbon (Table 1). 



 
 
 
 
 
 

 

Figure 6. Variation of compressive strength of the samples of the samples with different 

calcination temperatures(a) 200oC, (b) 250oC., (c) 300 oC., (d) 400oC and (d) 450oC 

 

4. Conclusions 

This study demonstrated that asphalt composite was successfully prepared using rice husk silica as raw 

material by thermal treatments. The XRD study revealed that the major phases were carbon and silica 

amorphous, which were associated with are Si-OH, Si-O-Si and C-H functional groups according to 

FTIR analysis. In addition, an increased calcination temperature was followed by an increase in the 

density and compressive strength. Also, the result presents that the asphalt composite with calcination 

temperature of 300 oC is suitable for the design of roof materials with highest compressive strength 

value. Based on these characteristics, the samples are considered for the roof material, suggesting their 

potential use in substitute lightweight steel roof devices. 
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